The chemical composition of the essential oils obtained from aerial parts of Scutellaria orientalis L. ssp. alpina (Boiss.) O. Schwarz and S. utriculata Labill. growing wild in Lebanon, were analyzed by GC and GC-MS. In S. orientalis ssp. alpina, strongly characterized by sesquiterpenes (41.2%) and particularly sesquiterpene hydrocarbons (31.7%), hexahydrofarnesylacetone (11.7%) was recognized as the main constituent, together with hexadecanoic acid (7.6%), caryophyllene (7.4%), caryophyllene oxide (6.8%), 4-vinylguaiacol (5.4%) and germacrene D (5.4%). S. utriculata oil was instead constituted above all by monoterpenes (42.2%), particularly oxygen containing monoterpenes (39.9%), and in this oil the main compounds were linalool (20.1%), 4-vinyl guaiacol (15.5%), -terpineol (8.9%), (E)-nerolidol (8.9%) and geraniol (8.2%).
Scutellaria ssp. are herbaceous plants belonging to the Lamiaceae family with about 300 species distributed in some parts of the world [1] . Many members of this genus contain compounds with ecological properties, such as anti-feedant and anti-fungal [2] [3] [4] , and are well known as powerful medicinal herbs. They are used in traditional and folk medicines of different parts of the world for the treatment of hypertension, arteriosclerosis, inflammatory diseases, hepatitis, allergy, cancer and diarrhea and have sedative, antioxidant, antithrombotic, cytotoxic, antispasmodic, antimicrobial and antiviral properties [5] [6] [7] .
S. orientalis L. ssp. alpina (Boiss.) O. Schwarz is a suffrutescent perennial herb, widespread at high altitudes.
No studies have been published on the volatile constituents of the aerial parts of this taxon, while different papers deal with different subspecies of S. orientalis. A methanol extract of S. orientalis ssp. carica from Turkey, which contained apigenin, baicalein, chrysin, luteolin and wogonin, exhibited potent anti-leukemic properties in vitro [8] . From S. orientalis different flavonoids and phenolic compounds, such as wogonin and wogonin 7-glucuronide, were isolated [9] , while S. orientalis ssp. porphyrostegia and S. orientalis ssp. sintenisii were rich in neo-clerodane diterpenes [10, 11] .
S. utriculata Labill. is a subalpine perennial, which grows in dry-rocky places. There is no report on any thorough phytochemical or pharmacological investigation of S. utriculata available to date.
Recently, we described the chemical composition of the essential oil of S. rubicunda Hornem. subsp. linnaeana (Caruel) Rech. and its activity against the feeding and egg laying behavior of Spodoptera littoralis [4] . As a continuation of our studies on the chemical composition of essential oils from Scutellaria species [4] , we report here on the volatile compounds of S. orientalis ssp. alpina and S. utriculata, both from Lebanon; as far as we know, there are no published reports on the chemical composition of the essential oil of these species. The components identified in the essential oil of S. orientalis ssp. alpina (O) and S. utriculata (U) are shown in Table 1 , according to their elution order from a HP 5 MS column and their percentage contribution.
In S. orientalis ssp. alpina (O), we identified 71 compounds in all accounting for 95.7% of the total oil. Hexahydrofarnesylacetone (11.7%) was recognized as the main constituent. In the main, the most abundant components were sesquiterpenes (41.2%) and, among these, sesquiterpenes hydrocarbons (31.7%) prevailed over Oxygen containing sesquiterpenes (9.5%). In the first fraction, caryophyllene (7.4%) was the most abundant, together with germacrene D (5.4%) and -cadinene (4.2%). Caryophyllene oxide (6.8%) was the most representative in the second fraction. Carbonylic compounds accounted for 15.7% of the total oil with hexahydrofarnesylacetone (11.7%) being the main component. Also, fatty acids and esters (11.3%) were quite abundant and were constituted mainly by hexadecanoic acid (7.6%). Phenols (9.9%) were represented by 4-vinylguaiacol (5.4%) and eugenol (4.5%). Monoterpenes contributed only 7.9%; among these, oxygen-containing monoterpenes (5.9%) prevailed with linalool (2.2%) and α-terpineol (1.9%) being the most abundant compounds.
As regards S. utriculata (U), the oil was constituted by 47 compounds accounting for 90.0% of the total oil. The main compounds were linalool (20.1%) and 4-vinyl guaiacol (15.5%). The most dominant components differed for O and U. On the whole, monoterpenes (42.2%), that were scarce in O, constituted the dominant fraction in U, particularly oxygen-containing monoterpenes that contributed 39.9% and among which linalool (20.1%) Essential oil of Scutellaria utriculata and S. orientalis L. ssp. alpina Natural Product Communications Vol. 6 (9) 2011 1349 predominated, along with -terpineol (8.9%) and geraniol (8.2%). Sesquiterpenes accounted for 13.4% and in this fraction oxygen-containing sesquiterpenes (11.3%) were dominant over sesquiterpenes hydrocarbons, with (E)-nerolidol (8.9%) being the main compound. The percentage of phenols was quite high (18.7%) with 4-vinyl guaiacol (15.5%) being the dominating component of this fraction.
S. orientalis ssp. alpina essential oil, for the high amount of hexahydrofarnesylacetone (11.7%), is similar to the oil from S. barbata collected in Hubei (China), even if this oil has in common with that from S. utriculata the high percentages of oxygenated monoterpenes and sesquiterpenes, which are not so abundant in S. orientalis ssp. alpina oil [12] .
The oil from S. utriculata, instead, in which linalool (20.1%) predominated, is comparable with three oils from Greece characterized by the presence of high amounts of this compound: S. albida ssp. albida, S. sieberi and S. rupestris ssp. adenotricha, where linalool accounted for 52.6%, 22.7% and 38.8%, respectively [13, 14] . Also, the oil from S. rubicunda. subsp. linnaeana [4] , containing high amounts of linalool (27.8%), is comparable for this feature to S. utriculata oil.
In a previous paper [4] , we showed that the oil from S. rubicunda ssp. linnaeana, rich in linalool and caryophyllene, could modulate the feeding and egg laying behavior of Spodoptera littoralis. Since these two compounds are abundant also in the two oils here analyzed, it is likely that these species also could show a similar activity, but this hypothesis needs to be checked. 
Isolation of essential oil:
The fresh samples were cut into small pieces, then subjected to hydrodistillation according to the standard procedure, as previously described [15] . The yields (w/w) were 0.18% for S. orientalis ssp. alpina and 0.15% for S. utriculata. The oils were dried over anhydrous sodium sulfate and then stored in sealed vials, at -20°C, ready for tGC and GC-MS analyses.
Gas chromatography: Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP 5 MS capillary column (30 m x 0.25 mm i.d.; 0.25 μm film thickness). Column temperature was initially kept at 40°C for 5 min, then gradually increased to 250°C at 2°C min -1 , held for 15 min and finally raised to 270°C at 10°C min -1 . Diluted samples (1/100 v/v, in n-pentane) of 1 μL were injected manually at 250°C, in the splitless mode. Flame ionization detection (FID) was performed at 280°C. Analysis was also achieved by using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm i.d.; 0.20 μm film thickness). Helium was the carrier gas (1 mL min -1 ) in both cases.
Gas chromatography-mass spectrometry: GC-MS analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica HP-1 capillary column (30 m x 0.25 mm i.d.; 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization voltage 70 V; electron multiplier energy 2000 eV. Mass spectra were scanned in the range 35-450 amu, scan time 5 scans/s. Gas chromatographic conditions were as reported above; transfer line temperature, 295°C.
Components identification:
Most constituents were identified by gas chromatography by comparison of their retention indices (I) with either those of the literature [16, 17] or with those of authentic compounds available in our laboratories. The retention indices were determined in relation to a homologous series of n-alkanes (C 8 -C 30 ) under the same operating conditions. Further identification was made by comparison of their MS on both columns with either those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [17, 18] and our home made library. Component relative concentrations were calculated based on GC peak areas without using correction factors.
